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© Room-temperature, moisture-curable, prlmerless, poluyrethane-based adhesive composition 
method. 



© A primeriess. one-component, moisture-curable poiyurethane-based adhesive composition useful for affixing 
glass panels directly to electrocoat painted metal substrates comprises a polyurethane base polymer containing 
an electrocoat adhesion promoter. The sealant composition has fast cure times at ambient temperatures and 
forms a strong bond directly to electrocoat painted metal substrates without the need for a sealant primer. 
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This invention relates to one-component, moisture-curable polymeric sealant compositions and a 
method for their use. More particularly, this invention concerns one-component, moisture-curable sealant 
compositions which possess outstanding adherence to automotive electrocoat coatings and are thus useful 
as primer-Jess window glass sealants in automotive applications. 

Background of the invention 

In the manufacture of motor vehicles, windshields and other fixed-panel windows are attached to the 
vehicle body by means of a polymeric sealant In order to obtain maximum bond strength between the 

id glass window panels and the coated vehicle body, some surface preparation of the vehicle body -coating is 
typically required. Because the bead of window sealant material is generally applied to a vehicle body 
which has already been painted or otherwise coated. It is usually necessary to use a primer material to 
prepare the surface to receive the sealant Once the sealant bead is applied to the coated vehicle body, the 
glass panel Is then installed onto the vehicle so that the bead of sealant comes into firm contact with both 

16 the painted substrate surface and the glass panel. After the sealant bead has property cured, the vehicle 
must pass government Motor Vehicle Safety Standards (MVSS) tests which include the crash-worthiness of 
the windhsield installation. 

The Safety Standards provide no margin for failure of the windshield bonding system. In crash and roll- 
over situations, the windshield provides additional support of the vehicle roof and must remain bonded to 
20 the vehicle body. 

Motor vehicles today are coated with a wide variety of paint types and coating systems. -Each paint type 
has its unique formulation and surface characteristics, once dried. Even minor changes in the formulation of 
a paint may lead to adhesive failure of the bond between the window sealant material and the painted 
vehicle body. Typicafly. in the automotive industry there are frequent changes in the formulations of paints 
as which are employed. Some of these changes are motivated by aesthetic considerations, oftttft by more 
practical concerns. Changes in the paint formulation may relate to modification of solvent types or reduction 
in solvent content of the formulation, changes in the nature and concentration of paint additives, yearly color 
styfing changes, and other changes dictated by the user's location and paint application requirements. 

Typical coatings systems used in the automotive industry today involve the application to the vehicle 
so body of 1) an electrocoat paint coating. 2) a primer-surfacer coating, and 3) a decorative paint coating. In 
some cases, notably truck bodies, the decorative coating takes the form off a pigmented topcoat In the case 
of automobiles, the industry is tending toward increased use of a decorative coating made up of a thin 
pigmented basecoat layer which is overcoated by one or more thicker, dear, topcoat layers. So-called 
"metallic" color styles, which contain flakes of mica, aluminum, or other metal in the pigmented basecoat 
35 are becoming increasingly popular. 

In a typical "metallic" basecoat/clearcoat coating system, this means that there may be as many as 
seven interlayer interfaces between an applied bead of sealant and the underlying metal vehicle body: 1) 
the sealant to sealant-primer interface; 2) the sealant-primer to clear topcoat interlace: 3) the dear topcoat 
to pigmented basecoat interface; 4) the basecoat to metallic flake interface; S) the basecoat to primer- 
40 surfacer interface; «) the primer-surfacer to electrocoat interface; and 7) the electrocoat to vehicle body 
interface. The potential exists for delamination or adhesive failure at one or more of these interlaces when 
stress is applied. In a practical sense, however, delamination of the electrocoat from the underlying steel 
vehicle body is a virtual impossibility because of the nature of the electrochemical process by which that 
paint layer is applied. 

46 There is thus a need in the art for a sealant composition and sealing system which provides a direct 
firm, durable, weather-resistant seal between motor vehicle fixed-window glass panels and the electrocoat 
pairit layer of the motor vehicle body. 

Summary of the Invention 

so 

The present invention provides, in one embodiment, a polymeric sealant composition which is useful for 
bonding fixed window glass panels and/or backlight glass panels to a motor vehicle body which permits 
application of the sealant bead directly over the electrocoat layer without the need for a sealant primer. The 
sealant composition of this invention eliminates the need for a sealant primer and forms a strong, durable, 
65 weather-resistant bond directly between the glass window panel and the electrocoated vehicle body. By use 
of the sealant composition of this invention, the number of interfaces between the metal vehicle -body and 
sealant is reduced to two, virtually eliminating the potential for delamination of the sealant from the auto 
body. 



The sealant composition of this invention comprises a silane-capped polyurethane base p<^^^^:^yS^:)^ 
from 2.0 to 10.0 parts by weight of an amlnosilane electrocoat adhesion promoter, based : ©rv 10(^ 
weight of the base ppiyurelhane pofymer. "'-^i^^Sfy^^^i^^ 

The sealant composition may further contain solvents, thixotropic agents, flexibHizihg aqentfc;-fillei*, arid.-.. . /..g^ 
pigmenting agents to obtain the desired color, consistency, and flow characteristics. 3« ^ ■ : ^' -^HS 

The silane-capped polyurethane base polymer has the idealized structure 



I 1 HO 

—J -H-C-A-R^Si- < 



io OH polyurttbant 

-II [containing at . f . . 
(RO^-Si-R^A-C-H-J— least two -^-J-H-C-A-R^Si-COR), 

fur ethane link- 
ages per aola- 
i6 [culm 

where R is lower alkyl of from 1 to 6 carbon atoms and R 1 is a divalent bridging radical selected from the 
group consisting of divalent hydrocarbon radicals, divalent hydrocarbon ether radicals, and divalent 
20 hydrocarbon amino radicals, the group A is selected from 45- and -NR 2 - where ff is hydrogen or akyi of 
from one to six carbon atoms. „ % . 

The aminosilane electrocoat adhesion promoter has the structure 

- r, 

8-HH- (C34) a -Si-ir 

where x is an integer of from one to three and R 3 , R 4 may and R 5 may be the same or different and are 
selected from alkyl and aikoxyl of from one to four carbon atoms. The group 8 is 



30 



or R* where the group R* is hydrogen, 

40 

or.-(CH 2 )yNHR 8 . The group R 7 is alkyl of one to four carbon atoms or alkylene of one to four carbon atoms. 
The group R 8 is hydrogen or -(CH 2 ) Z NH 2 wherein y and z may be the same or different and are Integers of 
from one to three. 

60 In another embodiment, the present invention provides a method of bonding fixed-window glass panels 
to a motor vehicle body comprising the steps of a) applying a conventional electrocoat paint coating to the 
metal body of the motor vehicle; b) applying masking means to those portions of the electrocoat painted, 
motor vehicle body set aside to receive a bead of fixed-glass panel sealant: c) applying one or move 
decorative and protective paint coatings to the masked motor vehicle body; d) removing the masking 

55 means; e) applying directly to the previously masked electrocoat painted portions of the motor vehicle body 
a bead of the polyurethane-based sealant composition of the present invention; and f) affixing a glass 
window panel to the sealant bead. 

In yet another embodiment, the present invention provides motor vehicles having fixed-window glass 
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panels affixed directly to the electrocoat painted metal body of the motor vehicle by means of a 
polyurethane-based sealant composition of the present invention. 

Detailed Description 

The sealant compositions of the present invention comprise a base silane-capped polyurethane polymer 
having a number average molecular weight in the range of from about 10,000 to .about 30.000 having the 
structure. 



10 
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( RO ) 3 - S i -IT-A-C-N- 
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polyurethane 
containing at 

— least two — J-M-C-A-R'-Si-COR), 
ur a thane linJc- 
agaa pap nola- 
cula 



20 where R. R\ and A are defined above. Such silane-capped polyurethane polymers are prepared by 
conventional polymerization techniques by reacting a polyether polyol having at least two free hydroxy! 
groups per molecule with an isocyanate compound having at least two isocyanate reactive groups per 
molecule as described in United States Patent 3.979344 to Bryant et al. which is incorporated herein by 
reference. 

2S The polyether polyol and isocyanate compound are reacted in a weight ratio of about 8:1 to about 12:1. 
respectively. The starting polyether polyol preferably has a number average molecular weight of between 
about 1.000 and 5,000. One such preferred starting material is polypropylene glycol available as Poly- 
propylene Glycol 2025 from Union Carbide Co., 270 Park Avenue, New York. NY 10017. 

The starting isocyanate compound may be selected from a variety of materials known in the art for 
so such purposes, such as p-phenylene diisocyanate. biphenyM,4^iisocyanate. toluene diisocyanate <TOI). 
S^'-dimethyM^biphenylene diisocyanate. 1.4-tetramethytene dnsocyahafe. 1.8-hex- 
amethylenediisocyanate. 2^,4-trimethylhexane-1 .6-dnsocyanate. methylene bis^phenyi isocyanate). 1.5- 
naphthalene diisocyanate. isophorone diisocyanate (IPDO. and methylene Z)/sH4<^clofiexyRsocyanateK The 
; preferred material is toluene dnsocycanate. 
os The copolymer formed by reaction of these two monomers is end-capped with a silane group having 
the structure -A-H'-SHORfe. The group A is sulfur, >NH, or an alkylamino group in which the alkyl portion 
contains from one to six carbon atoms. The bridging group R 1 may be a divalent hydrocarbon radical, a 
divalent hydrocarbon radical containing one or more oxygen ether linkages, or a divalent hydrocarbon 
radical containing one or more >NH linkages. The end-capping of the polyurethane polymer is achieved by 
40 including in the reaction mixture containing the polyether polyol and isocyanate compound an aminosilane 
compound such as pam/na-aminopropyltrimethoxysilane. pa/n/na-aminopropyltriethoxysilane. and hhbeta- 
aminoethyl-pa/n/n^aminopropyltrfmethoxysilane (available as A 1110. A 1100. and A 1120. respectively, 
from Union Carbide Corp.. 270 Park Ave.. New York. NY 10017). 

As used throughout this specification and the appended claims, the term "alky!* means a hydrocarbon 
46 residue derived from branched or unbranched alkane by removal of a single hydrogen atom. The term 
•alkoxyl" denotes alkyl groups attached through an oxygen ether linkage to the remainder of the parent 
molecule. The term "divalent hydrocarbyl" means a branched or unbranched hydrocarbon group derived by 
removal of two hydrogen atoms from a saturated or unsaturated acyclic hydrocarbon. The term "divalent 
hydrocarbaryl" denotes a group derived from the removal of two hydrogen atoms from hydrocarbons 
50 containing one or more carbocyciic aromatic rings including phenyl, alkylpheriyl, and phenylalkyl and the 
like. The term "divalent cyclohydrocarbyl" means a group derived by the removal of two hydrogen atoms 
from a carbocyciic non-aromatic hydrocarbon ring including cyclohexane, alkylcyclohexane, and the like. 

The polyurethane base polymer is mixed with from about 2.0 to about 1O.0 parts by weight preferably 
from about 4.0 to about 8.0 parts by weight, (based on 100 parts by weight of the base polyurethane 
55 polymer) of an electrocoat adhesion promoting agent comprising an aminosilane, including hydrohaJic salts 
thereof, of the structure • 
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S-NH-(CH 2 )_-Si-ir 

If 



40 



60 
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where B, x, R 3 , R\ and R 5 are as previously defined. By hydrohalic salts is meant the hydrofluorfcte, 
hydrochloride, hydrobromide. and hydroiodide salts, with the hydrochloride salts being pretenredk- 

Preferred electrocoat adhesion promoters using for the purposes of this invention Include gamma* 
aminopropyltrimethoxysilane, ga/nma-aminopropyltriethoxy-silane, N-^fa-aminoethyl-^an7mfl»amIrK>propyl- 
trimethoxystlane, pa/n/na-glycidylpropyltrimethoxysllane, and N-2-aminc«thyl-N-3-aminoethyltrimethoxy-' . 
siiyIpropyl-1,2-ethanediamine (available from Union Carbide Corp., 270 Park Ave., New York, NY 10017) and 
N-2-[4-vinyl-(ben2eneamlno)]ethyl-3-aminopropyltrimethoxysilane monohydrochloride. (available as ~Z^6032 
from Dow Corning Co., Midland, Ml). 

The composition further includes from about 2Q to about 50 parts by weight of a pigmenting agent 
and/or filler such as carbon black, from about 0.02 to about 0.2 parts by weight of a curing catalyst, and 
from about 0.3 to about 0.6 parts by weight of an accelerator, all weights based on 100 parts by weight of 
the capped polyurethane polymer. 

Suitable curing catalysts for purposes of this invention include metallic salts of tin, lead, mercury, or 
Group VIII elements; organcHron, organo-tin (IV) and organo-lead compounds; aliphatic or aromatic 
carboxylic acids; toluenesulfonic acid; salts of organic acids such as tin naphthenate, tin octoate,* tin 
butyrate, dibutyl tin diacetate, dibutyltin dioctoate, dibutyttin dilaurate, iron stearate, or lead octoate; and 
organic amines such as trialkylamines, /^substituted piperidines, W,Af -substituted plperazines, and pyridine.. 
The preferred curing catalyst for compositions of the present invention is dibutyltin diacetate. 

Suitable accelerating, agents for use in the compositions of the present invention are titanate esters of 
the type disclosed in -United States Patents 4,600,689 and 4,623,738, the contents of which are incorporated 
herein by reference. It is preferred that the titanate esters which are employed as accelerators possess at 
least one primary or secondary amine group per molecule. Preferred materials include (4-aminobenzene)- 
sutfanato-0, b/s-(dodecylben2ene)sutfanato-0, 2-propanolato titanium <IV) (KR 26S);-2-propanolatD, *r/*<3;6- 
diazajhexanolato titanium (IV) (KR 44); 2^-Z?/^<2-propenolato-methyl)butanolatD t fr/s-<2-ethylenediamino>- 
ethylato titanium (IV) (Lica 44); and 2 f 2-/)/s-(2-propenolato-methyl)butanolato, *r/s-{3-amino)pbenylato 
titanium (IV) (Lica 97), commercially available from Kenrich Petrochemicals, Inc., 140 -East 22d Street 
Bayonne. NJ 07002). The preferred material is Lica 44. 

Additionally, small amounts, ranging from about 0<25 to about 0.75 parts by weight of a thixotropte 
agent per 100 parts by weight of polyurethane polymer may also be added to adjust the flow characteristics 
of the sealant composition. A typical thixotropic agent suitable for this purpose is Thbcseal 1085 available 
from NL Chemicals, Inc. Heightstown, NJ 08520. 

Optionally, from about 1.0 to about 10.0 parts by weight of ftexibilizing agent, preferably from about 2.0 
to about 5.0 parts by weight, may be added to the composition, based on 100 parts by weight of the 
polyurethane base polymer. Suitable flexibilizing agents for inclusion in the compositions of the present 
invention include dioctyl phthalate, dibutyl phthalate, diundecyl phthalate {available under the Platinol line of 
plasticizers from BASF Corp., Paramus, NJ 07652), and dioctyl adipate and butyl benzyl phthalate, 
isodecyldiphenyl phosphate (available as Santicizer 160 and 148, respectively, from Monsanto Chemical . 
Co., St Louis, MO 63166), N-butyl-p-toluene-sulfonamide and N-ethyl-p-toluene-sulfonamide, (available as 
Ketjenflex 8 from Akzo Cbemle America, 300 South Riverside Plaza, Chicago, IL 60606). 

While not holding to one particular theory to the exclusion of others, it is believed that when the two 
above-named sulfonamides, either alone or in admixture, are used in the compositions, they function both to 
flexibilize the composition and to promote adhesion. 

The composition may also optionally include from about 5 to about 20 parts by weight, preferably about ; 
10 parts by weight of a silane- or silicone-surface-treated clay, per 100 parts by weight of the base polymer. 
Because normal clays (e.g. magnesium and aluminum silicates) contain particle surface hydroxyl groups 
which are reactive toward the polymeric components of the sealant composition, the clays useful in 
formulating the sealants of this invention must be surface treated to cap the otherwise reactive hydroxyl 
groups. This is accomplished by treating the clay with a trialkyisflyi chloride or trialkoxysilyl chloride or 
mixed tri(alkyl/alkoxy)silyl chloride such as trimethylsilylchloride, trimethoxysilyl chloride, methyldimethox- 
ysilyl chloride and the like. 

Commercially available silane- or silcone-surface-treated clays useful in the compositions of this 
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invention include the CB. 5178. KE, and 2211 clays available from Burgess. P.O. Box 349. Sanderville, <3A 

In the method of the present invention, a motor vehicle body, such as an automobile, truck, or bus body 
which has been precleaned and/br surface pretreated (for example, by phosphatfeing the metal surface), is 
coated with i an electrocoat paint primer by conventional techniques well known in the ait This process is 
fully descnbed. for example, in United States Patent 4.575,523 to Anderson, et ak. the contents of which am 
incorporated herein by reference. In general, the motor vehicle body to be electrocoated Is -connected to a 
direct current source in such a way. that It acts as the cathode of an electrical circuit The motor vehicle 
body ©then immersed in a tank of a suitable aqueous electrodeposition bath which contains the counter 
electrode. The electrodeposition bath comprises an aqueous dispersion of a thermosetting resin which 
deposits on the motor vehicle body as a result of the passage of current. When a sufficiently thick layer of 
electrocoat pnmer paint has been applied to the motor vehicle body, the body is removed from the tank, 
nnsed. and the layer of electrocoat paint cured to a smooth, haid, durable coating. 

Jn the next step of the method of this invention, the regions of the motor vehicle body which are 
destined to receive a bead of fixed-window panel sealant are masked toy the application of a masking 
means such as a strip of tape or strippabte polymeric material. . 

The masked, electrocoated motor vehicle body .is then further coated with one or more decorative 
andfor protective paint coatings by conventional means such as air-spraying, airless spraying, electrostatic 
spraying, dipping, or brushing. These decorative and/or protective coatings may take the form of one or 
more pigmented coating layers (topcoat system), or one or more thin, pigmented basecoat layers with one 
or more overlying layers of clear topcoat (basecoattelearcoat coating system). 

Following the application and curing of the decoratfve^rotective coating' layers, the masking means is 
removed from the motor vehicle body, and a bead of polyurethane-based sealant composition of this 
invention is applied directly to the electrocoat paint layer in this regions of the motor vehicle body 
previously masked. In the final step, a fixed-window glass panel is pressed into contact with the sealant 
bead and the sealant is permitted to cure. 

.The following examples are provided to permit those skilled in the art to practice the present invention 
The example are merely illustrative and are not to be read as limiting the scope of the invention as defined 
by the appended claims. 

Preparation of the Polyurethene Base Polymer Composition 

A silane-capped polyurethane polymer of the type described in United States Patent 3-632.S57 
prepared as follows: 
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A. Hi ax PPG 2025 ONE 2001. 00 iff* 

(2000 Molecular weight poly.th.r 
polyol avail aba fron Union carbide 
corp., 270 Park Av.., New York, NY 
10017) 
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Hylene™ 204.00 g 
(80:20 Grade toluene dl isocyanate 
available froa E.I. duFont de Heaour»,-.^,^: : > 
* Co. i wilnington, de 19898) 

Glacial acetic acid 0.55 g 

Dibutyltin diacetate 0.45 9 

B. Anhydrous toluene ' 110.00 g 

20 

C. Anhydrous toluene 81. OO -g 

Silan. A 1110 6«.30 g 
(^amm«-Aainopropyl) trimethoxy ailan. 
as availiabl. fron Union Car bid. Corp., 

270 Park Av.., N.v York, NY 10017) 

D. Anhydrous methanol 273 .00 g 



so 

. The components of A above were mixed and heated to 155* F (6a3 # C) under anhydrous conditions 
and maintained at that temperature for fifty-five minutes. At the end of that time, B was added. Over the 
next forty-five minutes, the temperature of the mixture, was gradually reduced to 105* F (40.6 *C) and 
heating was continued for two and one-quarter hours. At the end of this time, C was added to the mixture 
ss and the resulting mixture was heated at 150-165* F (65.6-73.9 *C) for an additional two and one-quarter 
hours. During this time, samples of the reaction mixture were tested for free isocyanate functional groups. 
When the tests indicated no residual free isocyanate, D was added and the mixture heated under reflux for 
a short time. The mixture was degassed and cooled to room temperature. 

40 Preparation of Sealant Compositions of the Present Invention 

Example 1 

A five-gallon Myers mixer fitted with dual mixing blades was charged with 25 lb (11.34 kg) of the base 
45 . polyurethane polymer prepared as described above. The mixer contents were heated to 65* C and 1,72 to 
(0.78 kg) of the electrocoat adhesion promoter. N-2-{4-vinyl(benzeneamino))ethy43- 
aminopropyJtrimethoxysilane monohydrochloride (available as Z-6032 from Dow Coming Co., Midland, Ml), 
1.1 lb (0.5 kg) of anhydrous methanol, and 0.11 lb (0.5 kg) of neopentyl(dia!lyl)-oxytri(N-ethyleneamino)ethyl 
titanate (available as LICA 44 from Kenrich Petrochemicals, Inc., 140 fast 22nd Street, Bayonee, NJ 
60 07002) were added. This mixture was thoroughly blended by mixing for 10 minutes under slight vacuum. 

To the above mixture was then added 12.0 g of dibutyl tin diacetate catalyst and mixing was continued 
for an additional 20 minutes under slightly reduced pressure. Carbon black (7.5 to, 3.4 kg) and 2.5 lb (1.13 
kg) of surface treated aluminum silicate clay (available from Burgess CB, P.O. Box 348, Sanderville, OA . 
31082) which had been previously dried to less than 0.05% by weight moisture content were added to the 
55 sealant mixture and mixing was continued for an additional 45 minutes under slight vacuum* 

The mixer contents were allowed to cool to room temperature and then packaged under anhydrous 
conditions. The final sealant had the following composition, normalized to 100 parts by weight of the 
polyurethane polymer. 
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Component 



Gra»s Parts by Height Per 100 
Parts of Bass Polyaer 





Bass polyurethans 
polyasr 


11/340 




100 


10 ■ 


Elect rocoat adhesion 
promoter 
(Z-6032) 


780 




6.80 




Methanol 


500 




4.42 




LICA* 44 


50 




0.44 


IS 


Dlhutyltln diacetate 


12 




o.ii 




Carbon black 


3400 




29.90 




Surface treated aluainua 
silicate clay 


I 1130 




9.97 



The black, homogeneous moisture-curable sealant composition had a viscosity of «) seconds when 
extruded from a 0.104 inch (2.64 mm) orifice under a pressure of 60 psi (413.7 kPa) and 78*F (24.4 'C). 

ss 

Example 2 

• ■ • - . 

A sealant composition was prepared in accordance with the composition and method of Example 1. but 
containing a reduced amount (0.585 kg) of the electrocoat adhesion promoter N^^4^nyl(ben2eneamino)J- 
90 ethy»-3-aminopropyltrimethoxysilane monohydrochloride. The composition had "the" following composition in 
parts by weight normalized to 1 00 parts by weight of the base polyurethane polymer. 



Component 



Grans Parts by Weight Per 100 
Parts of Bass Polyasr 



polyurethans 11,340 
polyasr 

Electrocoat adhesion 585 
proaoter 
(2-6032) 

Methanol . 500 
LICA* 44 50 
Dibutyltin di acetate 12 



100 .'• 
5.16 

4.41 
0.44 
0.11 



Carbon black 3400 

Surface treated aluainua 1130 
all lea ts clay 



29.98 
9.96 



Example 3 
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A sealant composition was prepared in accordance with the composition and method of Example 1, but 
containing an increased amount (0.975 kg) of the electrocoat adhesion promoter N-2iI4-vinyl- 
(ben2eneaminp)]ethyl-3-aminopropyltrimethoxysHane monohydrochloride. The composition had Ore following 
composition in parts by weight, normalized to 100 parts by weight of the base polyurethane polymer. 



Component Grama Parts by Weight Per 100 

Parte of Base Polymer 

Base polyurethane 11,340 100 
polymer 

Electrocoat adhesion 975 8.60 
promoter • 
(Z-€032> 

Methanol 500 4.41 

LICA # 44 50 0.45 

Dibutyltin dlacetate 12 0.11 

Carbon black 3400 29.98 

Surface treated aluminum 1130 9.95 
silicate clay 



30 



Example 4 

Following the method of Example 1, a sealant composition was prepared which further contained 0.5 to 
(0.23 kg) of a 50^0 mixture of N-butyl-p-toluene-sulfonamlde and N-ethyl-p-toluene-sutfbnamide (available 
as Ketjenftex 8 from Akzo Chemle America, 300 South Riverside Plaza, Chicago, IL 60606) as a flexibifizing 
agent The sealant had the following - composition in parts by weight normalized to 100 parts by weight of 
the base polyurethane polymer. 
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Component Grains Parts by Weight, Per 100 

Parts of Base Poiyner 

H 

6 Base polyurethane 11 , 340 100 

polymer 

El ectrocoat adhesion 780 tf.80 

promoter 
to (2-6032) 

Methanol 500 4.43 

LICA* 44 54 0.40 

Dibutyltin diacetate 12 0.11 



16 



SO 



Flexibillzing agent 230 2.03 
(Mixture of sulfon- 
amides) 

Carbon black 3,400 29.90 

Surface treated aluninua 1,130 9.96 
silicate clay 



Examples 

90 A sealant composition was prepared in accordance with the composition and method of Example 1 but 
further containing 0.5 lb (0.23 kg) of a di-/$odecyl phthalate as a plasticizing agent The sealant had the 
following composition in parts by weight normalized to 100 parts by weight of the base pofyurethane 
polymer. 



so 



Component Grau Parts by- Weight Per 100 

Parts of Base Polymer 

Base polyurethane 11,340 100 
polymer 

Elactrocoat adhesion 780 6.80 
promoter 
(Z-6032) 

Methanol 500 4.43 

LICA* 44 50 0.44 

Dibutyltin diacetate 12 0.11 

Flexibilizing agent 230 2.03 
(Di-i*c-decylph thai ate) 
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Carbon black 3,4 00 29.9* 

Surface treated alumimm 1,130 . 9.96 

•ilicate clay 



io Example 6 

* ': • 

A sealant composition was prepared in accordance with the composition and method of Example 1, but 
containing as the adhesion promoting agent a mixture of 0.35 lb {0.16 kg) of N-2-aminpethyl-N-3- 
aminoethyltrimethoxy-silylpropyl-l^-ethanediamine and 0.15 lb (0.07 kg) of N-de/a-aminoethy ^gamrna- 
16 aminopropyltrirnethoxysilane (available as A 1 130 and A 1120, respectively, from Union Carbide Corp., 270 
Park Ave.. New York, NY 10017). The sealant had the following composition in parts by weight, normalized 
to 100 parts by weight of the base polyurethane polymer. 



20 Component Grans Parts by Weight Per 100 

Parts of Bass Polymer 

Bass polyurethans 11,340 100 
polymer 

Electrocoat adhesion 230 2.03 

promoter, 
(Mixture ot A 1130 

and A 1120) 

30 ■/.-•• 

Methanol 500 4.42 

LICA* 44 50 0.44 

Dibutyltin dlacetate 12 O.ll 

38 Carbon black 3400 29.90 

surface treated aluminum 1130 9.97 
silicate clay 



Example 7 

A sealant composition was prepared in accordance with the composition and method of Example 1. but 
containing as the adhesion promoting agent 0.5 to <0-23 kg) of ^-aminoethyH^S- 
aminoethyltrimethoxysilylpropyM^-ethanediamine (available as A 1130 and A 1120. respectively, from 
Union Carbide Corp., 270 Park Ave., New York. NY 10017). The sealant had the following composition in 
parts by weight, normalized to 100 parts by weight of the base polyurethane polymer. 
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Component Grams Parts by Weight Per 100 

• ; Parts of Bass Polymer 

* Bass polyurethane 11,340 100 
polymer 

Electrocoat adhesion 230 2.03 
promoter 
to (A 1130) 

Methanol 500 4*42 

LICA* 44 50 0.44 

l5 Dibutyltin diacetate 12 0. tl 

Carbon black 3400 '29.90 

Surface treats* aluminua 1130 9.97 
sillcats clay 



Example 8 

as . ' 

A sealant composition was prepared in accordance with the method of Example 1. but with the following 
composition. The adhesion promoting agent used was 2.1 lb (0.95 kg) of ga/n/na-(glycidoxy)- 
propytoimethoxysilane. available from Union Carbide Corp.. 270 Park Ave.. New York. NY 10017). The 
sealant had the following composition in parts by weight, normalized to 100 parts by weight of the base 

so polyurethane polymer. 



60 



Component Grams Parts by Weight Per 100 
.. • Parts of 6a ss Polymer 

Base polyurethane 11,340 100 
polymer 

Electrocoat adhesion 950 8.38 
promoter 

Methanol 950 8.38 



LXCA # 44 

Dibutyltin diacetate 12 0.11 

Carbon black 3400 29.98 

Surface treated aluminum 1130* 9.97 
silicate clay 



55 



Testing Procedures 

12 



j04SO1O6A1J_> 



EP 0 450 105 A1 



10 



The lap shear strength of the materials prepared in accordance with the above Examples were 
according to the following method. In each instance, pairs of shear strength test plates were prepared by 
bonding two previously electrocoat primed steel plates, each 1 inch by 0.32 inches <2.S4 cm x 0j81 cm), 
with a sealant bead 1 inch long by 0.25 inches wide by 5/16 inches thick <2.54 cm x 0:64, cm x-0.79 cm). 
The sealant bead was applied along one of the one-inch edges of the test plates by means of a! sealant 
tube. The plates were then pressed together so that the sealant bead was about 0.25 inches 10:64 om) 
thick. 

The sealant bead applied to the bonded test plates was allowed to cure at room temperature and 
relative humidity for periods which varied between three hours and three days. After the appropriate cure 
time in each case, the shear strength of each sealant bead was tested on an Instron testing machine fey 
pulling in a direction parallel to the faces of the bonded test plates. The results of these teste, along wtth 
other properties of the tested compositions, appear in the following Table. 
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Table '. 

0feft*r Strength aad Properties of ftealaat 
Cempoeitioa* of The Present Invention 



so 


Exanpla 


(Af t«r 


Lap Sh«ar Strength 
3 Hours) (After 3 Days) 


shora A 
Rardnaaa 




1 


100 pat 


(689.5 JCF) 


845 psi 


(5826 XP) 


61 


25 


2 


89 pai 


(588.1 IcP) 


700 pai 


(4826 JcP) 






3 


97 pai 


(668.8 JcP) 


825 psi 


(5688 JcP) 






4 


110 pal 


(758.4 fcP) 


900 pai 


(6205 JcP) 


54 


90 


5 


115 psi 


(792.9 JCP) 


815 pal 


(5619 JCP) 






6 


105 psi 


(723.9 JtP) 


888 pal 


(6123. JCP) 






7 


20 psi 


(137.9 KP) 


325 pal 


(2241 JcP) 


46 
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Claims 

40 1. A one-component, prlmerless, moisture-curable sealant composition for bonding glass directly to 
electrocoated metal substrates comprising a mixture of 

(a) a silane-terminated polyurethane polymer of the formula 



50 



Q H 

(RO) 3 -Si-Rl-A-C-N- 



polyurethane 
containing at 
— least two — 
ur ethane link- 
ages per mole- 
cule 



-N-C-A-Rl-Si- (OR) 3 



66 



wherein R is lower alkyl of from 1 to 6 carbon atoms; 

FV is a divalent bridging radical selected from the group consisting of divalent hydrocarbon 
radicals, divalent hydrocarbon ether radicals, and divalent hydrocarbon amino radicals: 

A is selected from -S- and -NR 2 - where R* is hydrogen or alkyl of from *>ne to six -carbon atoms; 

and 
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(b) an electrocoat adhesion promoter having the structure, including hydrohalide salts tnereoSJ 



0 



R3 
I 

B-NH-(CH 2 ) x -sl-R5 
f 




where x is an integer of from one to three; 

RS. R* may and R* may be the same or different and are selected from alky) and alkoxyf of 
from one to four carbon atoms; 
! Bis 

• ■■» . ' • •• 

CH 2 — CH 2 CH 2 H>- 

or R* where the group R* is hydrogen. 



where R 7 is alkyl of from one to four carbon atoms or alkylene of one to four carbon atoms, and 
R« is hydrogen or -(CH 2 )*NH 2 wherein y and z may be the same or different and are integers of 
from one to three. 

A one-component primerless. moisture-curable sealant composition according to claim 1. characterized 
by the fact that the polyurethane polymer is the reaction product of a polyether polyol -containing at 
least two hydroxyl groups per molecule and a number average molecular weight of about 1000 to about 
3000 and an isocyanate having at least two isocyanate -groups per molecule. 

A one-component primerless, moisture-curable sealant composition according to claim 1 or 2, char- 
acterized by the fact that the polyurethane polymer has a number average molecular weight of from 
about 10.000 to about 30.000. • 

A one-componerrt. primerless, moisture-curable sealant composition according to any one of the 
preceding claims, characterized by the fact that the electrocoat adhesion promoter is present In an 
amount of between about 2.0 to about 10.0 parts, preferably about 4.0 to about 8.0 parts, by weight 
based on 100 parts by weight of said polyurethane polymer. 

A one-component primerless, moisture-curable sealant composition according" to any one of the 
preceding claims, characterized by the fact that the electrocoat adhesion promoter is selected from 

gamma-aminopropyltrimethoxysilane. 

gamma-amfnopropyltriethoxysilane. 

N-beta-aminoethyl-gamma-aminopropyltrimethoxysilane, 

gamma-glycidylpropyltrimethoxysilane. 

N-2-aminoethyl-N-3-aminoe^ 

Nr2-[4-vinyl-(benzeneamiho) ]ethyl-3-aminopropyltrimethoxys?lane, 
including hydrohalide salts thereof and mixtures thereof. 
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6. A one-component, primerless, moisture-curable sealant composition according to any one of the 
preceding claims, characterized by including from about 1.0 to about 10.0 parts, preferably about 2.0 to 
5.0 parts, by weight of a flexlbilizing agent based on 100 parts by weight of said poryurethane polymer. 

7m A one-component, primerless, moisture-curable sealant composition according to claim fe, characterized 
by the fact that the flexibilizirig agent is selected from the group consisting of dioctyl phthalate. dibutyt 
phthalate, diundecyl phthalate, dioctyl adipate, butyl benzyl phthalate, Iso-decyldl phenyl phosphate. <fl- 
iso-decyl phthalate, N-butyl-p-toluene-suffonamide and N-ethyl-p-toluene-sulfonarnlde and mixture*, 



8. A one-component primerless, . moisture-curable sealant composition 1 * according to any one Of the 
preceding claims, characterized by the fact that the electrocoat adhesion promoter Is N-2-{4-vlnyf- 
(benzeneaminoJJethyl-S-aminopropyltrimethoxysilane, monohydrochloride. ~\ • 

9. A method of bonding fixed- window glass panels to a motor vehicle body characterized by 

a) applying a conventional electrocoat paint coating to the metal body of the motor vehicle: 

b) applying masking means to those portions of the electrocoat painted motor vehicle body set aside 
to receive a bead of fixed-glass panel sealant 

c) applying one or more decorative and protective paint coatings to the masked motor vehicle body; 

d) removing the masking means: 

e) applying directly to the previously masked electrocoat painted portions of the motor vehicle body 
a bead of the polyurethane-based sealant composition according to any one of claims 1 to 8; and* 

f) affixing a glass window panel to the sealant bead. 

10. A motor vehicle having fixed-window glass panels affixed directly to the electrocoat painted metal body 
of the motor vehicle by means of a bead of polyurethane-based sealant composition according to any 
one of claims 1 to, 6. 
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